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SUMMARY
Commercial corn production cannot be carried on by hand 
methods; it can be done only with machinery.
Operating costs in corn production greatly depend upon the 
efficiency of labor, power and machinery .management.
Results obtained in a study of the use of labor, power and 
machinery at Ames are as follow s:
/ Raking and burning cornstalks before plowing in preparing a seedbed for corn required .47 man-hour of labor and .38 tractor- 
hour of power per acre and appeared to be largely a waste of 
labor and power.
Cutting stalks with a stalk cutter before plowing required 
.23 hour per acre for man and tractor with no apparent benefit.
Disking before plowing took .25 hour per acre for man and 
tractor and seemed to be of doubtful value.
With a plow that was designed and adjusted to cover trash, 
^previous work on cornstalks was eliminated.
For the primary operation in preparing a seedbed for corn, 
^/the substitution of cheaper operations instead of plowing gave 
unsatisfactory results.
Under favorable conditions, no measurable difference was 
found in the value of work done by the ordinary moldboard 
plow and the pulverator plow (one having rotating blades to 
pulverize the furrow slice as it is turned). Under very wet 
or very dry conditions the pulverator had some advantage.
For secondary operations in seedbed preparation, comparison 
of disk harrow and duck-foot field cultivators showed no differ­
ence in weed control or yield of corn.
The.lever type of spike tooth harrow was found preferable, 
under most conditions, to other machines tried for light opera­
tions in seedbed preparation.
Drill planting was a faster operation than check planting. 
Weed growth was somewhat more effectively controlled in 
check-planted corn.
Under ordinary soil conditions at planting time surface plant­
ing was preferable to the use of disk furrow openers.
In a comparison of 42"x42", 30"x30" and 21"x21" check plant­
ing, it was found mechanically feasible to plant and cultivate
3
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in the narrow spacings, but the cost was a little higher than 
with standard spacing. Narrow spacing and single-plant hills 
produced a material increase in yield over that obtained by the 
usual method of check planting under favorable growing con­
ditions in 1935; there was little if any increase under adverse 
conditions in 1934 and 1936.
For early cultivation of surface planted corn a cultivator 
equipped with a pair of rotary hoe wheels near the row and six 
sweeps between rows gave the best results. Work done by 
spike-tooth harrow, weeder and rotary hoe was not entirely 
satisfactory under some conditions.
For cultivation of weedy corn the best results were obtained 
with a cultivator equipped with two pairs of disk hillers and 
one pair of sweeps per row.
In the 3 years, 1934-36, surface planted corn yielded higher 
than listed corn. There was little difference in yield between 
listed and basin listed corn.
In basin listed corn, seed drilled in a continuous row without 
any synchronization with location of dams did as well as any 
other placement of seed.
Harvesting a 70-bushel yield of corn required 9 man-hours of 
labor per acre when done by hand, 2.5 man-hours per acre 
when done by machine.
Timeliness tests of corn picker-huskers showed that the best 
period for machine harvesting began as soon as the corn was 
dry enough to crib and, in 2 out of 3 years, ended the second 
week in November.
Records of 13 performance tests of corn picker-huskers are 
shown in detail.
The amount of corn left in the field by these machines is 
probably the greatest obstacle to their universal use.
jing and cribbing the corn as in picking with a two-row ma­
chine ; therefore, the equipment for hauling and cribbing should 
receive careful attention.
Under some conditions, corn may be harvested economically 
by a machine and one-man crew,
4
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Labor, Power and Machinery 
in Corn Production1
By  Claude K. Shedd, Edgar V. Collins and J. Brownlee D avidson
Corn production is essentially a biological process of the 
corn plant, utilizing the natural resources of soil, moisture, air, 
heat and sunlight. Man’s assistance in this process is necessary, 
however, for corn is strictly a domestic plant. It is essential 
that man preserve the seed from year to year, prepare a seedbed, 
plant the seed, destroy weeds until midsummer and harvest the 
crop.
Scientific research has contributed to corn production effici­
ency by developing high yielding varieties and hybrids, by de­
vising crop rotations and soil management practices that aid 
conservation and maintenance of soil productivity, and by dis­
covering some facts regarding the cultural practices which pro­
vide conditions for the optimum growth of the corn plant.
After the farmer has obtained the best information available 
as to improved seed, soil management and desirable cultural 
practices, it is his job to perform as economically as he can 
the field operations. A  century ago and for many previous 
centuries animal power was used for the heavy work of plow­
ing and seedbed preparation, but the subsequent operations of 
planting, cultivating and harvesting were performed almost en­
tirely by hand labor.
During the past century, numerous machines have been de­
veloped for corn production which enable man to use energy 
supplied by animals or tractors instead of his own muscles. 
By methods followed a century ago, one worker could grow 
about 5 acres of corn; with modern equipment he can grow 
100 acres or more. On a basis of 50-bushel yields, his pro­
ductive capacity then was about 250 bushels per year; now, 
5,000 bushels or more are possible. The labor required to pro-
hProject 476 o f the Iowa Agricultural Experiment Station.
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duce 1 bushel of corn then was about 2 hours; now it may be 
less than 10 minutes.
These labor savings have been accompanied by added ex­
penses for machinery and power, but the cost of energy sup­
plied by work animals or by tractors is low compared to the 
cost of hand labor. A  recent investigation2 of power cost on 
Corn Belt farms showed the average maintenance cost of a 
horse to be 7.8 cents per hour of work performed; the 
average cost of a general purpose tractor was 52 cents per 
hour of operation. If we take the estimates given above for 
the cost of energy, then a strong man serving only as a source 
of physical energy can earn less than 10 cents per 10-hour day, 
since he would be capable of developing only 1/10 horsepower. 
Power costs may vary widely between farms. Low costs follow 
good power management, such as choosing a power plant no 
larger than necessary for the work to be done, pulling machines 
which make a full load and providing as many days of work 
per year as possible.
Under present standards of living, commercial corn produc­
tion cannot be carried on by hand methods of culture; it can be 
done only by use of machinery. Factors involved in the field 
operations in producing corn are labor, energy (referred to as 
power), machines by means of which the power is applied and 
management of labor, power and machinery. Management in­
cludes choosing the best adapted machines and determining the 
manner of their use under various conditions. Operating costs 
in corn production depend to a great extent upon the efficiency 
of management of labor, power and machinery.
CORN MACHINERY RESEARCH
A  research project for study of labor, power and machinery 
in corn production was begun in 1931 at Ames, Iowa, by the 
Iowa Agricultural Experiment Station and the Bureau of Agri­
cultural Engineering, United States Department of Agriculture. 
Obtaining of field performance data, including records of labor 
and power expenditures, for the various machines and methods
^Utilization and cost of power on Corn Belt farms. Tech. Bui. 384 U. S. 
D. A.
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of culture adapted for use in corn production was the main ob­
jective. These data, it is believed, will form a sound basis for 
choosing machines and methods best adapted for economically 
producing corn under various conditions, and will aid in the 
improvement of machinery design. The ultimate objective is to 
lower the cost of .producing corn.
Field experimental work connected with this project was 
nearly all done on a 200-acre farm near Ames. A  soil map of 
160 acres of this is reproduced in fig. 1. The topography of 
the farm is relatively flat and the natural drainage poor. While 
there is a reasonably good system of tile drainage, excessive
O 3 0 0  6 0 0  IOOO
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rainfall results in some accumulation of surface water in field 
ponds.
Farm equipment used was of standard design, except where 
otherwise stated. Experimental machines or attachments were 
designed and built when experimental work could not be done 
satisfactorily with standard machines.
Field experiments were conducted under conditions repre­
sentative of actual farming operations, except that experimental 
fields were smaller than usual farm fields. No commercial - fer­
tilizers were used.
This project did not. include any study of the economy of 
work animals as against tractors. Practically all the power 
used in field experiments was furnished by tractors. In most 
cases the kind of work done by a machine and the amount of 
energy required to operate it are about equal, regardless of the 
source of power. Much of the information obtained, therefore, 
is applicable to horse-drawn machines.
CULTURAL METHODS
In the central and eastern parts of the Corn Belt, corn is 
usually surface planted; that is, the seed is planted near the sur­
face, just deep enough to be in moist soil, and the surface is 
neither ridged nor furrowed. Seed may be drilled in the row 
or it may be check-rowed. Soil is prepared for surface plant­
ing by plowing, followed by the use of such machines as disk 
harrow and spike tooth harrow.
In western Iowa and farther west and south, a large part of 
the corn crop is s l anted with the lister, a machine which plows 
and plantsTrf one operation, planting the seed in the bottom of 
an open furrow. A  compromise between surface planting and 
lister planting may be effected by using disk furrow openers 
on the planter runners. When large furrow openers are used 
it is called loose ground listing. When furrow openers are to 
be used on the planter, the soil is prepared as for surface plant­
ing.
Surface check planting, surface drill planting and listing have 
been studied under this research project, general procedure for 
each of these methods being illustrated in tables 1, 2 and 3.
8
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TABLE 1. LABOR, POWER AND MACHINERY EXPENDITURES. SURFACE 
CHECK PLANTED CORN. 1933.
Field B. 18.4 Acres. Previous Crop, Oats-Clover.
Dates Sizes of Labor* Power* Estimated energyMachines used tractors man-hrs. tractor-hrs. expenditure1933 used per acre per acre H.P.-hrs. per acre.
Sept. (1932) 3-14”  moldboard
plow 20-30 1.28 1.19 13.1Apr. 19, 20 6-sec. spike tooth
harrow 16-24 .15 .12 1.2May 1 7-ft. disk harrow** 16-24 .03 .02 .24, 8 21-ft. disk harrow
(single) 20-30 .29 .27 2.211, 15 6--sec. spike tooth
harrow 16-24 .15 .14 ' 1.217, 19 4-row cultivator and
4-row planter com-
bination 20-30 .77 .50 2.3
29 21-ft. spring tooth
weeder 20-30 .15 .12 .8June 2, 3 4-row cultivator 20-30 .36 .30 1.69-12 “  (cross) 20-30 .75 .67 1.630 20-30 .29 .27 1.6
Total seedbed preparation, planting
and cultivating 4.22 3.60 25.8
Oct. 2-row picker-husker 20-30 .9 .7 4.5Three farm wagons 16-24 .8 .4 .8Portable elevator 4-H.P.Eng. .8 .2 .4
Total harvesting*** 2.5 1.3 5.7
Total growing and
harvesting 6.7 4.9 31.5
Yield '74.3  bu. per acre. (Net. Joes not include harvesting losses.)Labor per bu., 5.4 minutes.
*Time traveling to and from the field and servicing tractors and machines is included. These 
items amounted to between 10 and 15 percent of the total tim,e but would be a smaller per­
centage on larger fields.
**Used only on dead furrows.
***Harvesting records áre an average for the entire farm and include miscellaneous har­
vesting work.
PERFORMANCE RECORDS OF MACHINES
Within each of the methods illustrated above, there is a 
variety of machines that may be used. Many of these machines 
were used in the experiments at Ames for 3 to 5 years and rec­
ords obtained showing labor and power expenditures and effect 
upon weed control and crop yields.
The results of typical draft tests are recorded in table 3a.
PREPARING SEEDBED
Steps in preparing the seedbed for surface planting are as 
follows: (1) Dispose of old cornstalks or other residue of the 
previous crop, (2) plow and (3) perform secondary operations 
with disk harrow or field cultivator, spike tooth hayrow or 
other machines.
9
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TABLE 2 LABOR, POWER AND MACHINERY EXPENDITURES. SURFACE 
DRILL PLANTED CORN 1933 
Field B. 20.1 Acres. Previous Crop, Oats-Clover.
Dates
1933
Machines used
Sizes of 
tractors 
used
Labor* 
man-hrs. 
per acre
Power* 
tractor-hrs. 
per acre
Estimated energy 
expenditure 
H.P.-hrs. per acre
Sept. (1932) 3-14" moldboard plow 20-30 1.23 1.19 13.1
Ap'r. 19, 20 6-sec. spike tooth
harrow 16-24 .15 .12 1.2
May 1 7-ft. disk harrow** 16-24 .03 .02 .2
4, 8 21-ft. disk harrow
(single) 20-30 .29 .27 . 2.2
11, 15 6-sec. spike tooth
harrow 16-24 .15 .14 1.2
17, 19 4-row cultivator and
4-row planter com-
bination 20-30 .40 .38 2.3
29 21-ft. spring tooth
weeder 20-30 .15 .12 .8
4-row cultivator 20-30 .36 .30 1.6
12 H  t t  f t 20-30 .40 .38 1.6
30 t t  t t  i t 20-30 .32 .27 1.6
Total seedbec . preparation, planting
and cultivaiting 3.53 3.19 25.8
2-row picker-husker 20-30 .9 .7 4.5
Three farm wagons 16-24 .8 .4 .8
Portable elevator 4-H.P.Eng. .8 .2 .4
Total harvesting*** 2.5 1.3 5.7
Total growing and
harvesting 6.0 4.5 31.5
4 ---------■)------------ t--------
Yield 73.5 bu. per ac re. (Net. D jes not incl tide harvesting losses.)
Labor per bu., 5.1 minutes.
*Time traveling to and from.field and servicing tractors and equipment is included.
These items amounted to between 10 and 15 percent of the total labor but would be a 
smaller percentage on larger fields.
**Used only on dead furrows.
***Ha'rvesting records are an average for the entire farm and include miscellaneous har­
vesting work.
D IS P O S A L  O F C R O P R E S ID U E S
When the previous crop was oats or clover as illustrated in 
tables 1 and 2, no extra work to dispose of crop residue is 
ordinarily necessary; what residue there is can be plowed under 
without difficulty. If the previous crop was corn and a heavy 
growth of cornstalks remained on the field,, it might be desir­
able to do some work on the stalks before plowing.
Records were obtained of labor and power expenditures for 
three methods of disposing of cornstalks before plowing as 
shown* in table 4. Other plots were plowed without previous 
work on cornstalks, but jointers were used on the plow.
T
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TABLE 3. LABOR, POWER AND MACHINERY EXPENDITURES. LISTER 
PLANTED CORN. 1933.
Field A. 14.5 Acres. Previous Crop, Oa'ts-Clover.
Dates
1933
Machines used
Sizes of 
tractors 
used
Labor* 
man-hrs. 
per acre
Power* 
tractor-hrs. 
per acre
Estimated energy 
expenditure 
H.P.-hrs. per acre
Apr. 20 21-ft. disk harrow 20-30 .25 .23 2.2
May 18, 19 2-row lister 16-24 .87 .81 6.0
26, 27 2-row lister (replant) 16-24 .78 .69 3.0
June 16 4-row listed corn
cultivator 20-30 .30 .26 1.6
29, 30 4-row lifted corn
cultivator 16-24 .36 .33 1.6
July 10, 11 ?-row tractor
cultivator 16-24 .53 .48 1.6
Total seedbec l preparation, planting
and cultivating 3.09 2.£0 16.0
Oct. 2-row picker-husker 20-30 .9 .7 4.5
Three farm wagons 16-24 .8 .4 .8
Portable elevator 4-H.P.Eng. .8 .2 .4
Total harvesting** 2.5 1.3 5.7
Total growing and
harvesting 5.6 4.1 21.7
Yield 63.0 bu. per acre. (Net. I )oes not incl ude harvestin g losses.)
Labor per bu., 5.3 minutes.
*Time traveling to and from field and servicing tractors and equipment is included. These 
items amounted to between 10 and 15 percent of the total labor but would be a smaller per­
centage on larger fields.
♦♦Harvesting records are an average for the entire farm and include miscellaneous har­
vesting work.
Fig. 2. Twenty-one-foot single disk harrow preparing cornstalk land for 
plowing.
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TABLE 3a. DRAFT OF FARM MACHINES.
• Draft
Machine Depth Soil Conditions* Lbs.
total
Lbs. per 
ft. width
Plow, 3-14", slat moldboard 6 " to 7" Oats-dover stubble, 
moist
1700 to 
2400
485 to 
685
Spike tooth lever harrow, 15-ft. Deep Plowed, moist 1200 80
Shallow 700 47
Deep Good seedbed 600 40
Shallow 470 31
Disk harrow, single, 21-ft. Deep Plowed, settled 2200 105
Shallow 1650 79
Disk harrow, tandem, 8—ft. Deep Plowed, moist 1275 160
Shallow 550 69
Deep Corn stubble, moist 1050 131
Shallow 450 56
Rotary hoe, 21-ft. Deep Pulverated 1325 63
Medium Good seedbed 725 35
Spring tooth weeder, 21-ft. Medium Good seedbed 650 31
Field cultivator, llj^ -ft. with Deep Plowed, moist 1850 161
8 "  sweeps Shadow 1050 91
Lister, 2-row, 14" Deep Compact, moist 1430 204
Com planter, 4-row Normal Good seedbed 425 30
Com picker-husker, 2-row. Yield 60 bu. Good footing 275 39
Power delivered to power take­
off drive. 4.75 H.P.
♦These tests were made on soils of the following types: Clarion loam, Webster loam and 
Webster silty clay loam. The distinction between these three types was not made for each 
test.
Observation after plowing plots prepared as above in­
dicated that satisfactory coverage of cornstalks was obtained in 
all cases. Coverage was slightly better on plots where stalks 
were raked and burned.
P L O W IN G
Plowing is far more expensive as to labor and power require­
ments than any other operation in growing corn up to harvest 
(tables 1 and 2). In 1932 and 1933 two plots were prepared with­
out plowing. The treatments were repeated on the same plots 
for the 2 years, and the previous crop each year was corn. One 
plot was prepared with a heavy cover crop disk without plow­
ing (fig. 5). The other was prepared with a field cultivator 
without plowing (fig. 6). The labor and power expenditures in 
preparing a seedbed by these methods compared with the usual 
methods of plowing, disking and harrowing are shown in table
12
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TABLE 4. LABOR AND POWER EXPENDITURES IN DISPOSING OF CORNSTALKS 
BEFORE PLOWING.
Method
Labor 
man-hrs. 
per acre
Power , 
tractor-hrs. 
per acre
Harrow, rake and burn 47 3ftCut with disk harrow .25 23Cut with stalk cutter .23 .22
Data show that there was a material saving in labor and 
a still larger saving in energy expenditure on the plots 
that were not plowed (table 5). In 1932 weed control was 
not as satisfactory on the unplowed plots, but there was no 
noticeable difference in growth of corn. In 1933 there was a 
heavy rain the latter part of May which made the unplowed 
plots too hard for satisfactory cultivation. These plots were 
much weedier and the growth of corn poorer than on plowed 
plots.
P L O W  C O M P A R E D  W IT H  P U L V E R A T O R  
In 1934, 1935 and 1936 comparisons were made of moldboard 
plow and pulverator plow for the primary operation in prepar­
ing a seedbed. The pulverator plow has power driven rotating 
blades to pulverize the furrow slice as it is turned (fig. 7). Work 
with the two machines was done at the same time. Amount of 
seedbed preparation done subsequent to plowing was the same 
for all plots.
Fig. 3. Plowing where cornstalks had been raked and burned.
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Fig. 4. Plowing without any previous work on cornstalks.
These experiments show that, for the primary operation in 
preparing a seedbed for corn, the work of the pulverator is 
no better than that of a regular plow, except under unusually 
wet or dry conditions.
S E C O N D A R Y  O P E R A T IO N S  IN  P R E P A R IN G  S E E D B E D  
After plowing, additional work on the soil before planting is 
necessary: to break up large clods and fill any large air spaces 
in the soil; to plane off irregularities in the soil surface so that 
planters and cultivators will operate at uniform depth, and to 
kill weed growth up to the time of planting. . In central Iowa 
this work usually is done with the disk harrow and the 
lever type of spike tooth harrow. In localities infested with 
quack grass or Canada thistle, a spring tooth harrow or a field 
cultivator (fig. 6). is preferred over the disk harrow because of 
its action in dragging out the. weed root runners. Under some 
conditions the field cultivator is preferred with sweeps or “ duck- 
foot” shovels instead of the narrow pointed shovels.
An experiment comparing the work of the “ duck-foot” field 
cultivator with that of the disk harrow was conducted for 3 
years, 1934-36.
. Results showed no significant difference in weed control, 
stand or yield in any year.; Little difference in. efiergy. expendi-
14
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ture was noted— for 3-inch depth of cultivation a draft test 
showed a draft of 105 pounds per foot of width for the field 
cultivator compared to 95 pounds for a single disk harrow. The 
field cultivator dragged out and left on the surface some of 
the cornstalks and other trash that had been covered in plow­
ing and left many clods on the surface. The disk harrow im­
proved the trash coverage and left the surface more finely 
pulverized. The lever type spike tooth harrow (fig. 8) was 
used for the lighter tillage operations. Previous observations 
had shown that the spike tooth harrow was generally preferable 
to other machines tried for the lighter operations in preparing 
the seedbed. A  spring tooth weeder (fig. 12) was inferior to 
the harrow in breaking clods and in leveling or smoothing ac­
tion (planing). A  land roller or “ culti-packer” broke clods, 
packed the surface and killed small weeds under dry condi­
tions, but it had very little planing action and did not work well
TABLE 5. LABOR AND POWER EXPENDITURES IN SEEDBED PREPARATION. 
Field H., 1932 Previous Crop, Cbm.
Dates
1932
Machines used
Sizes of 
tractors 
used
Labor* 
man-hrs. 
per acre
Power* 
tractor-hrs. 
per acre
Estimated energy- 
expenditure 
H.P.-hrs. per acre
Plot 2. 2.4 acres. Prepared with cover crop disk.
May 14 
19
Cover crop disk 6-ft. 20-30
90—30
.75
.47
.75
.47
5.5
5.5
Total 1.22 1.22 11.0
Plot 14. 2.4 acres. Prepared with field cultivator.
Apr. 11 Spike tooth harrow, 
4-sec.
Dump rake, 11-ft.
20-30 .14 .14 1.1
May 10
(Rake and burn 
stalks.) 20-30 .37 .29Field cultivator,
‘ ; ■ % 18 11.5-ft.Field cultivator, 20-30 .28 .28 2.2
11.5-ft. 20-30 .22 .22 2.2
Total 1.01 .93 6.2
Plot 6. 2.4 acres. Prepared with plow.
Apr. 14 Disk harrow, 14-ft., 
single
3-14" plow and 1-sec. 
spike tooth harrow
20-30 .26 .26 * 2 429
20-30 1.11 1.11 13 çMay 14 Disk harrow, 21-ft. 
single 20-30 .21 .21 2 219 Spike tooth harrow, 
4-sec. 20-30 .14 .14 l . i
Total 1.72 1.72 19.3
qeuipment™6 P  field' Does not.include time traveling to and from field nor time servicing
15
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except when the surface soil was dry. A  rotary hoe (fig. 13) 
was equal to the harrow in killing weeds and breaking large 
clods, but it had practically no planing action. A  rotary hoe 
section was found to be preferable to a harrow section for use 
in combination with a plow, especially if the soil contained ex­
cess moisture (fig. 9).
PLANTING
The following comparisons were made in methods of surface 
planting: Drill versus check-row planting; surface planting 
versus planting with 11-inch disk furrow openers attached to 
the planter runners; check planting in the following hill spac- 
ings: 42"x42", 30"x30" and 21"x21".
C H E C K  V E R S U S  D R IL L  P L A N T IN G  
Drill planting is a faster operation than check planting be­
cause no stops are necessary at the ends of the field to change 
the position of the check-wire, and a higher speed of travel in 
the field is permissible. Time studies in fields of 15 to 20 
acres with 80-rod rows with a tractor-drawn four-row planter 
showed that 3 miles per hour was the limit of speed for good 
check-rowing. The rate of check planting with an outfit includ­
ing planter and cultivator (fig. 10) was 2.8 acres per hour. When 
drill planting with the same outfit at the same field speed, the 
rate was 3.3 acres per hour, an increase of 18 percent. When
Fig. S. Cover crop disk used experimentally in preparing a seedbed for corn.
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Fig. 6. Field cultivator used experimentally in preparing a seedbed for corn.
drill planting' was done with the same planter and tractor but 
without the cultivator at a field speed of about miles per 
hour, the rate was 4.3 acres per hour.
While these experiments were not set up with sufficient repli­
cations to get reliable comparisons of yield or of weed con­
trol, yield records obtained showed no consistent difference be­
tween the two methods. Observations indicated that weed con­
trol was somewhat better in check-planted corn, especially when 
wet soil conditions caused delay in cultivation.
S U R F A C E  V E R S U S  F U R R O W  P L A N T IN G  
Surface planting was compared with furrow planting (using 
11-inch disk furrow openers on the planter runners) in an ex­
periment running for 3 years 1934-36.
In 1934 when the soil was very dry at planting time, the fur­
row planting placed the seed more uniformly in moist soil. A 
count of stands showed 55 percent of a perfect stand as an av­
erage of the surface planted plots and 72 percent of a perfect 
stand as an average of furrow planted plots. The difference in 
yield was not significant in any of the 3 years.
The possibility of heavy rains before the plants have grown 
well above the surface adds an element of risk to furrow plant­
ing. Seed or small plants may be covered too deep by soil 
washed into the furrow on level land, while on hillsides the
17
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Fig. 7. Pulverator plow.
seed may be washed out. Under ordinary soil conditions, sur­
face planting was preferable to using disk furrow openers.
H IL L  S P A C IN G  O F  C H E C K -P L A N T E D  C O RN
During 3 years the following hill spacings have been com­
pared :
42"x42", four plants per hill, 14,224 plants per acre
30"x30", two plants per hill, 13,939 plants per acre
21"x21", one plant per hill, 14,224 plants per acre
The number of plants stated above is for perfect stands.
The 21-inch spaced corn was planted and cultivated with ex­
perimental six-row machines, covering a width of 10.5 feet; the 
30-inch with four-row machines, width 10 feet; and the 42-inch 
with four-row machines, width 14 feet. It has been found 
mechanically feasible to plant and cultivate in each of these 
spacings. The labor of planting and cultivating is determined 
to a large extent by the width of the implement rather than by 
the row spacing.
The speed of travel in planting must be somewhat slower for 
21-inch check planting than for the wider spacings. In order 
to make cross cultivation practicable it is necessary to do more 
accurate check-rowing with the narrower spacings. The planter 
and cultivator for the 21-inch spacing are heavier and more
18
Bulletin, Vol. 32 [1937], No. 365, Art. 1
http://lib.dr.iastate.edu/bulletin/vol32/iss365/1
costly than machines of the same width for wider row spacing. 
For these reasons the labor and machinery expense is somewhat 
less for the standard 42-inch than for the narrower spacings.
In the dry years, 1934 and 1936, there was no significant 
difference in yield due to hill spacing. In 1935 the average 
yields were: 42-inch spacing, 58.7 bushels per acre; 30-inch 
spacing, 63.9 bushels per acre, and 21-inch spacing, 74.2 bushels 
per acre. These yield differences are highly significant. Results 
of this experiment, which covered only 3 years, two of which 
were unusually dry, indicate that the narrow spacing may have 
considerable advantage under favorable conditions but little 
if any advantage under adverse conditions. Machinery for 
growing corn in 21-inch rows is not commercially available at 
present.
C O M B IN IN G  S E E D B E D  P R E P A R A T IO N  A N D  P L A N T IN G  
By mounting a cultivator on the tractor that is used to pull 
the planter and by equipping the cultivator with sweeps that will 
thoroughly cultivate the surface without ridging, it is possible 
to combine planting with the last seedbed operation (fig. 10). 
The combined draft of a four-row cultivator and planter under 
usual conditions is 1,200 to 1,500 pounds, which at 3 miles per 
hour is 9.6 to 12 horsepower. This load is within the capacity 
of the larger size of general purpose tractor on level or gently
Fig. 8. Lever type of spike tooth harrow.
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rolling land. This combination permits the thorough killing of 
weeds at the time of planting, uses labor efficiently and pro­
vides an economical load for the tractor at a busy time of year.
CULTIVATION OF SURFACE PLANTED CORN
In a 3-year experiment, 1934-36, the following machines were 
compared for the early cultivation of small corn plants: Spike 
tooth harrow, spring tooth weeder, rotary hoe, cultivator equip­
ped with rotary hoe wheels near the row and sweeps between 
rows, and no early cultivation (figs. 11, 12, 13 and 14).
In the dry years, 1934 and 1936, there was no significant 
difference in yield due to cultivation. Check plots which re- 
.ceived no early cultivation yielded the same as cultivated plots, 
and in the cultivated plots there was no difference in yield due 
to the kind of cultivator used.
In 1935 there was an excessive amount of rainfall in June. 
There were nearly 4 inches of rain on June 2 and 3. The soil 
dried sufficiently so that between June 5 and 14, the spike tooth
20
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Fig. 10. Combination of cultivator and planter performing final seedbed 
preparation and planting at one operation.
harrow, the weeder and the rotary hoe were used twice and 
the cultivator once on respective plots. Check plots were not 
cultivated during this period. By June 18 the corn had grown 
large enough for the next cultivation (first cultivation of check 
plots) ; but there was so much rain after June 17 that no culti­
vating could be done until July 8. Under these conditions the 
average yields were as recorded in table 6.
TABLE 6. AVERAGE YIELDS IN CULTIVATION EXPERIMENT. 1935
Machine used for early cultivation
Yields, hu. per A.
Surface
planted
Furrow
planted
Spike tooth harrow 37.8 38.6
Spring tooth weeder 42.1 38.4
Rotary hoe 38.4 38.5
Cultivator 46.2 45.7
Check. No early cultivation 34.7 33.4
Yield differences due to cultivation were highly significant. 
In comparison with the check plots, which were not cultivated 
until July 8, a yield increase of about 12 bushels per acre fol­
lowed one cultivation early in June with a cultivator. Two cul­
tivations early in June with the spike tooth harrow, the spring 
tooth weeder, or the rotary hoe resulted in yield increases of 
from approximately 3 to 7 bushels per acre.
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Fig. 11. Spike tooth harrow used for cultivating corn.
Other observations of the work done by corn cultivating' ma­
chines over a 5-year period indicated that the spike tooth har­
row, spring tooth weeder and rotary hoe are all effective in 
killing small weed seedlings when the surface soil has been 
lightly crusted by moderate rainfall and the weeds have just 
started to grow. If there has been no rain to crust the surface 
soil or if there is a heavy crust due to intense rain, or if the 
weeds have developed much roN: growth, these machines will 
not do a thorough job of weed killing. Under any condition 
these machines will not destroy such weeds as cocklebur and 
perennial weeds since they are rooted as deeply and as firmly 
as the corn itself.
With thorough weed-killing cultivation when the corn plants 
stood 6 to 8 inches high, apparently nothing was gained by 
earlier cultivation (unless necessary to prevent sand blowing). 
Due to the impossibility o f predicting weather conditions, how­
ever, the safe method seems to be to cultivate when the corn 
plants are small, and the more thorough this cultivation the 
safer the method.
Different cultivator equipment tried under various conditions 
is illustrated in figs. 14, 15 and 16. In fig. 15 a cultivator gang 
is shown with a disk hiller on the front shank, a spear-point 
shovel on the- second and a sweep on the rear shank. The
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spear-point was found to penetrate hard soil more readily, lift 
the soil higher and cut a narrower track than the sweep. By 
using three 8-inch sweeps on a gang, the tracks of the sweeps 
overlap and thus give thorough surface cultivation without go­
ing very deep.
For first cultivation of small corn two rotary hoe wheels and 
six 8-inch sweeps per row have proved very successful (fig. 14). 
The rotary hoe wheels cultivate the soil close to the plants and 
serve as shields to prevent covering the plants by dirt moved 
by the front sweeps. With this equipment small corn can be 
cultivated operating at speeds of 2.5 to 3 miles per hour with 
little damage to the corn plants.
For killing morning-glories and large weeds the equipment 
shown in fig. 16 was the most effective. It consists of one pair 
of disk hillers set close to the row and turned to throw soil 
away from the row; a second pair of disk hillers behind the 
first, set farther away from the row and turned to throw soil 
toward the row, and sweeps on the rear to cover the balance of
Fig. 12. Spring tooth weeder.
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the space between the rows. This equipment may be used on 
corn as small as 6 to 8 inches. For corn of this size it was 
found advantageous to provide leaf-lifting guards on the front 
disks to prevent their cutting off the leaves, and to provide 
scrapers on the rear disk to prevent them from throwing the dirt 
up high and dropping it down on the corn plants. This equip­
ment was effective when fields had become very weedy due to 
continued rains preventing early cultivation. Under this con­
dition it was found necessary to use additional weight on the 
beams to give sufficient penetration. Disk hillers put heavy 
side thrusts on the cultivator gangs; therefore, rigid construc­
tion is essential.
The spring tooth weeder (fig. 12) proved a valuable machine 
for use in drill planted corn 'after one or two cultivations with 
a shovel cultivator. The cultivator kills weeds in the corn row 
by covering them with soil and tends to ridge the rows. The 
weeder levels off these ridges and performs a low-cost cultiva­
tion. When the corn was a foot high, the weeder was used 
without serious damage to the corn plants.
Fig. 13. Rotary hoe.
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Fig. 14. Cultivator with two rotary hoe wheels and six 8-inch sweeps per row.
LISTING
The lister method of corn culture has been studied for 5 years 
at Ames. This method is not practiced by farmers in central 
Iowa and the soil conditions are not considered favorable to 
listing. Labor and power expenditures in preparing the seed­
bed, planting and cultivating corn by the lister method are 
materially less than by surface planting (tables 1, 2 and 3). 
Labor and power requirements, however, are higher at plant­
ing time with the lister method. Labor and-power requirements 
for preparing seedbed and planting are distributed over a longer 
period with surface planting.
Operations recorded in table 3 included replanting, necessary 
because part of the crop was drowned out by a heavy rain late 
in May. There was often more difficulty in getting good stands 
with listing than with surface planting.
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Fig. 15. Cultivator as used on basin-listed corn. Shows disk hiller in front, 
spear-point shovel second, and 8-inch sweep in the rear.
BASIN LISTER
To control run-off in lister furrows, an experimental basin 
lister attachment was made and used in planting- a field of corn 
in 1933. This attachment (fig-. 17), scrapes and dumps dirt to 
form transverse dams at regular intervals in the lister furrow, 
converting the furrow into a series of basins which catch and 
hold water until it soaks into the soil. This machine and meth­
od of planting- were described in a previous publication.3
In an experiment for 3 years, 1934-36, a comparision was 
made of surface planting, listing and basin listing. Average 
yields are shown in table 7.
Surface planted corn yielded slightly more than listed corn 
in 1934 .and considerably more in 1935 and 1936. In field G-2 
in 1936 the yield of basin listed was materially higher than that 
of listed corn, but in all other comparisons yields obtained by
3The basin method of planting row crops and a basin lister planter. 
Agricultural Engineering, Vol. 16, No. 4. April, 1935.
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these two methods were equal. Weather conditions should be 
considered as affecting the results. In 1934 there was no effec­
tive rainfall after the first week in April until about July 1. At 
planting time the soil in plots which were to be'listed was hard 
and dry. Seed planted in the lister furrows under this condi­
tion, and receiving no further rainfall during June, germinated, 
but the plants were badly stunted before July 1. A-similar 
condition, but not as severe, existed in 1936. The surface 
planted plots in the experiment these same years had been 
plowed early and at planting time the soil was moist at a depth 
of 3 or 4 inches below the surface. Deep planting placed the 
seed under conditions favoring good growth during June.
Dry soil conditions in May and June, 1934 and 1936, placed list­
ed and basin listed corn at a disadvantage compared to surface 
planted corn. In 1935 there was frequent and excessive rainfall 
in June, and again the listed and basin listed plots were at a 
disadvantage as the bottoms of the lister furrows were kept 
soggy. Surface planted corn made good growth during June 
while the listed and basin listed corn turned yellow and became 
badly stunted.
Fig. 16. Cultivator with two pairs of disk hillers and one pair of sweeps per 
row which was found to be effective in killing morning-glories and large weeds.
27
Shedd et al.: Labor, power and machinery in corn production
Published by Iowa State University Digital Repository, 1937
214
TABLE 7,  SURFACE PLANTED, LISTED AND BASIN LISTED CORN. YIELDS IN 
BUSHELS PER ACRE
Year
Field Oorn Surface Basinnumber variety planted Listed listed
1934 C #942 11.8 8.2 8.0
C-2 #942 56.7 28.7 23.6
1935
Krug 55.6 22.0 20.1
E-2 #942 51.8 18.3 18.2
Krug 49.0 14.1 13.0
G-2 #931 32.9 22.9 29.7
1936
Krug 33.2 21.8 24.9
I #942 34.8 11.4 12.1
Krug 32.5 10.7 10.0
In an experiment for 2 years, 1935 and 1936, a comparison 
was made of different locations of the seed in basin listing. The 
results are recorded in table 8.
Yield differences due to different placing of seed are highly 
significant.
Drilling in a continuous row, that is with no synchroniza­
tion between seeding and damming mechanisms, was superior 
to either of the other seed locations in 1936. In 1935 seed 
placed in basins yielded highest, with seed drilled in a contin­
uous row a close second.
HARVESTING
Most of the corn crop in the central and western parts of the 
Corn Belt is harvested by husking the ears from standing stalks. 
When done by hand, the labor required to harvest a high yield 
may be much more than the total labor of growing the crop 
up to harvest. For example, labor records kept by a farmer 
cooperator in 1933 showed that the total labor of preparing the 
seedbed, planting ,and cultivating was 4:9 man-hours per acre 
while the labor of harvesting the 70 bushels per acre crop was 
9 man-hours per acre. The husking on this farm was done by 
hand, seedbed preparation with a large team and a tractor, cul­
tivating with two-row horse-drawn cultivators.
Machine picker-huskers have been on the market for more 
than 30 years. Early machines were single-row and horse-
28
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Fig. 17. Basin lister.
drawn. Later on, the single-row machines were provided with 
tractor hitch and power take-off drive. Two-row machines 
either mounted on a general purpose tractor or pulled by a 
tractor and having the mechanism of the picker driven by power 
take-off came on the market before 1930. These two-row ma­
chines have come into extensive use in some areas where corn 
is the principal crop and where topography is level to gently 
rolling; but a large part of the corn crop is still harvested by 
hand. t
TESTS OF CORN PICKER-HUSKERS
Two kinds of tests were made at Ames on corn picker-husk- 
ers in 1931, 1932 and 1933: Timeliness tests in which the same 
machine was tested at weekly intervals during the harvesting
TABLE 8. YIELDS IN BUSHELS PER ACRE PROM DIFFERENT LOCATIONS 
OF SEED IN BASIN LISTING
Year Seed in basins Seed in dams
Seed drilled in 
continuous row
1935 55.3 45.4 53.8
1936 (1) 18 .,7 22.8 25.1
1936 (2) 15.8 16.5 18.6
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Fig. 18. Tractor-drawn two-row corn picker.
season to determine the effect, on the work done by the machine, 
of various conditions found at different dates; performance 
tests to get accuratè and complete records of the work of the 
different machines tested. Corn harvested in these tests was 
hybrid. In 1931 windstorms severely damaged stalks, making 
machine harvesting conditions unfavorable.
T IM E L IN E S S  T E S T S
Total field losses (that is, amount of corn left in the field) in 
percent of yield in the timeliness tests for 3 years are shown 
graphically in fig. 19. In 1931 the field losses in picker tests 
until the middle of November were about 15 percent of the 
yield, then increased to about 20 percent until the middle of 
December. In a test made the next February the field losses 
were one-third of the crop.
In 1932 conditions. were more favorable for machine har­
vesting. Losses varied from 8 percent in October to 14 percent 
early in January and 25 percent later that month.
In 1933 conditions were favorable for machine harvesting: 
until Nov. 12, when a severe windstorm blew about 30 percent 
of the ears off the stalks. This made the use of the machines 
impractical.
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Results for the 3 years indicate the most favorable period for 
machine harvesting began as soon as the corn was dry enough 
to crib and lasted until the second week in November'"
P E R F O R M A N C E  T E S T S
Results of these tests are recorded in table 9.
Machines tested are designated by letters A, B, C, D, E and F. 
Machine A  was mounted on a general purpose tractor; all 
other machines were tractor-drawn. All machines were two- 
row and had the picker mechanism driven by power take-off 
from the tractor. Machine E had a single pair of rollers for 
each row, these rollers being designed to perform both snapping 
and husking. Each of the other machines had conventional type 
snapping rollers with a separate set of rollers to do the husk­
ing.
Field loss results are given in bushels per acre in lines 23 
and 24 (table 9) and in percent of yield in lines 27 and 28. 
Lines 23 and 27, “ gleanings after picking,” are the losses ex­
clusive of ears that were loose on the ground, while lines 24 
and 28, “ total gleanings,” include the loose ears.
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TABLE 9. PERFORMANCE TESTS OF CORN PICKERS 1931, 1932 AND 1933.
1 1931 Tests I 1932 Tests 1933 Tests1 .Name of Picker A B C D A B E F B E F A B
2 Date of Test Oct. 19 Oct. 21 Oct. 20 Nov. 9 Oct. 31 Oct. 27 Oct. 28 Oct. 29 Nov. 22 Nov. 23 Nov. 221 Oct. 26' Oct. 27
Conditions
3 Ears on standing stalks, percent 76.0 79.3 80.6 76.0 86.3 92.4 95.3 83.1 83.9 89.1 86.2 91.8 92.7
4 Ears on down stalks, percent 23.7 20.3 19.4 20.6 9.2 6.9 3.8 10.5 14.5 8.3 11.4 4.9 8.9
5 Ears loose on ground, percent 0.3 0.4 0.0 3.4 4.5 0.7 0.9 6.4 1 6 * 2.6 2.4 3.3 3.4
6 Moisture in shelled corn, percent 19.6 18.3 20.2 17.7 19.7 19.8 18.6 19.7 17.4 17.4 17.4 16.6 15.7
7 Ground Dry Dry Dry Dry Dry Dry Dry Dry Frozen Frozen Frozen Dry Dry
Time Records of Tests
8 Actual picking time 1:35:15 2:07:35 1:40:20 1:50:50 1:20:08 1:42:25 1:26:16 1:28:52 1:24:56 1:25:26 1:24:11 1:16:45 1:21:13
9 Stops during test; Number 42 31 37 39 3 ' 5 6 10 2 1 2 3 10
10 Stops during test; Time 0:57:25 0:55:25 1:10:55 1:29:05 0:14:48 0:04:45 0:05:50 0:55:46 0:02:30 0:00:25 0:01:25 0:04:15 0:23:28
11 Turns at ends; Number 19 19 19 18 15 15 15 15 15 15 15 15 15
12 Turns at ends; Time 0:10:10 0:24:00 0:25:10 0:14=15 0:08:06 0:18:45 0:13:42 0:12:35 0:11:12 0:18:02 0:15:44 0:12:58 0:14:15
13 Wagon changes; Number 8 9 9. 8 7 7 7 7 7 7 5 5 5
14 Wagon changes; Time 0:12:10 0:15:15 0:17:35 0:11:40 0:06:28 0:04:17 0:13:42 0:11:29 0:04:17 0:05:47 0:08:30 0:03:25 0:02:02
15 Total elapsed t im e ________________ 2:55:00 3:42:15 3:34:00 3:19:55 1:49:20 2:11:10 1:55:10 2:24:38 1:42:55 1:49:40 1:49:30 1:37:21 2:00:58
Rate of Work
16 Area harvested; Acres 4.00 4.00 4.00 3.80 3.44 3.44 3.44 3.44 3.44 3.44 3.44 3.21 3.21
17 Speed; Miles per hour 3.0 2.2 2.8 2.4 3.04 2.38 2.82 2.74 2.87 2.85 2.90 2.96 2.76
18 Acres per hour elapsed time 1.37 1.08 1.12 1.14 1.88 1.57 1.79 1.38 2.00 1.88 1.88 1.98 1.59
19 Bu. per hour elapsed time 70.8 73.6 66.3 62.0 114.3 94.7 107.0 79.6 114.5 103.0 107.0 138.0 120.0
218
32
Bulletin, Vol. 32 [1937], No. 365, Art. 1
http://lib.dr.iastate.edu/bulletin/vol32/iss365/1
Gleanings and Yield; Bushels Per Acre
20 Loose ears before picking 0.2 0.1 0.0 2.5 2.68 0.44 3.49 4.20 1.30 1.78 1.71 2.05 2.44
21 Ears after picking 10.1 3.5 5.3 6.4 3.34 1.50 2.44 3.80 4.50 2.78 3.40 3.83 2.97
22 Shelled com after picking 1.1 3.2 2.2 4.1 2.70 5.88 4.61 2.70 1.90 5.24 3.02 2.22 2.06
23 Gleanings after picking 11.2 6.7 7.5 10.5 6.04 7.39 7.05 6.50 6.40 8.02 6.42 6.05 5.03
24 Total gleanings 11.4 6.8 7.5 13.0 8.72 7.83 10.54 10.70 7.70 9.80 8.13 8.10 7.47
25 Bu. harvested per acre by the picker 51.7 68.1 59.1 54.4 60.6 60.0 59.7 57.5 57.1 55.0 56.7 70.0 70.4
' 26 Total yield 63.1 74.9 66.6 67.4 69.3 67.8 69.2 68.2 64.8 64.8 64.8 78.1 77.9
Gleanings in Percent of Yield
27. Gleanings after picking 17.7 9.0 11.2 15.6 8.7 10.9 10.2 9:5 9.9 12.4 9.9 7.7 6.4
28 Total gleanings 18.0 9.1 11.2 19.3 12.6 11.5 15.2 15.7 11.9 15.1 12.5 10.3 9.3
Cleanness of Husking
29 percent debris in husked corn 2.5 1.2 1.7 2.7 1.33 0.87 1.50 1.36 0.65 1.50 0.89 2.4 2.1
30 percent shelled in husked com 5.1 3.4 3.5 7.3 4.34 1.73 1.80 8.77 2.80 3.12 9.07 5.8 4.2
219
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Probably the greatest obstacle to more extensive use of corn 
picker-huskers by farmers is the field loss. Some farmers 
utilize corn left in the field by pasturing with cattle and hogs; 
others glean the ears by hand, and in some cases it is not con­
sidered worth-while to salvage corn lost by the machines. On 
the experimental farm, about 140 acres were gleaned by hand 
after machine harvesting in 1936. The average yield was 30 
bushels per acre—the amount of ear corn gleaned, 1.3 bushels 
per acre; the labor of gleaning, 2 man-hours per acre.
Rate of Work
Area harvested per hour in each test is recorded in line 18 
of table 9. This includes all time spent in the field from the 
beginning to the end of the test, but it does not include time 
spent in servicing equipment. Under the best conditions the 
rate of harvesting was 2 acres per hour. Work was done by 
three men: One operating the picker, one hauling the loaded 
wagons to storage and one unloading the wagons with a port­
able elevator.
At 2 acres per hour, the labor per acre was 1.33 man-hours 
per acre. This included only the time in the field from the be­
ginning to the end of the test. When the time spent in servic­
ing machines, getting the machines ready at the beginning and 
putting them away at the end of the harvesting season, open­
ing up fields and other miscellaneous harvesting labor was in­
cluded, the average total harvesting labor for the farm in 1933 
was 2.5 man-hours per acre.
Equipment used for hauling and cribbing the corn consisted 
of 35-bushel capacity wagons, a tractor with maximum speed 
of 5 miles per hour, temporary corn cribs and a portable ele­
vator driven by a small gas engine. Since, two men were re­
quired to haul and crib the corn harvested by one man with the 
picker, it is obvious that equipment for hauling and cribbing 
is important.
Wagon Hitches
In 1931 much time was lost in coupling up and uncoupling 
the wagons that received the corn as husked by the pickers.
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Fig. 20. Harvesting with one-man crew.
These tests were made with the regular wagon hitch equipment 
that came with the pickers. The pickers were all designed so 
that one man operated the complete outfit (tractor, picker and 
trailed wagon) except that uncoupling a loaded wagon and 
coupling up an empty required two men.
In the 1931 test of picker B, for example, it required an av­
erage of 1 minute and 42 seconds for two men to make a 
wagon change. The machine time consumed in making wagon 
changes was 11.9 percent of the time spent in picking corn 
(table 9).
An experimental wagon hitch which could be conveniently 
operated by one man was built and used on this picker in 1932 
and 1933. In the 1933 test, using the experimental wagon hitch, 
it required an average of 24 seconds for one man to make a 
wagon change. The total time for changing wagons was re­
duced to 2.5 percent of the running time.
Since these tests were made, some manufacturers have im­
proved the wagon hitches supplied with their machines.
One-Man Crew
A  telescoping wagon tongue was developed experimentally for 
saving time in hitching wagons together and to tractors. This 
has been described in a previous publication.4 Figure 20 shows
4A  telescoping wagon tongue. Agricultural Engineering, Vol. 17, No. 8. 
August, 1936.
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three loaded wagons coupled in a train behind a tractor and 
mounted picker. Each wagon is provided with a telescoping 
tongue and with a drawbar connection at the rear. With this 
equipment, one man can harvest corn without assistance by 
pulling three empty wagons to the field, loading them one at a 
time and then pulling the three loaded wagons to storage. Labor 
is used efficiently, but the picker is not used to capacity since 
it is idle while the wagons are being hauled and unloaded.
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